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Feeding behaviour (including foraging and ingestion) is of 
particular interest to the behavioural ecologist as an important 
piece in the jigsaw puzzle that reveals an animal’s “economic 
decision making”, which can be analysed in terms of the costs 
and benefits of alternative courses of action. It has also been 
shown that feeding has a major influence on social behaviour 
(Wilson, 1975) and interaction between the behaviour of a 
grazing animal and its environment can have a profound effect 
both on the environment and the well-being of the animal. In 
most circumstances, food availability varies both between sea- 
sons and across the habitat, resulting in harsh conditions at cer- 
tain times of the year. This will affect the foraging behaviour of 
the animal. 

There are extensive literatures describing feeding behaviour 
in domestic animals, but these studies can only give a general 
guide as to how free-ranging animals might behave. The rela- 
tionships between an animal’ s food requirements, grazing be- 
haviour and the available forage are often regarded as complex 
and multivariate even when domesticated species are grazing on 
simple, uniform pestures (Arnold, 1987;Chacon et al . , 1978; 
Bilis, 4978; Hodgson, 1981). 

edn this study, how and why Chinese water deer ( Hy- 

dropotes inermis) feed in the way they do are concerned. Also 
it was hoped that a study of this primitive cervid would shed 
light on the evolution of social systems in ungulates. 


1 Methodology 


The study was conducted at Whipsnade Wild Animal 
Park, England where a free-ranging population of the Chinese 
water deer was kept since 1930s. Feeding behaviour of individ- 
ual water deer was observed for periods of 15 min (Gary et al., 
1970). Information. was recorded on a predesigned form and 
‘sometimes into a dictaphone. 

_ . Grazing by water deer in Whipsnade occurs in temporal 
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clusters, referred to as bouts, bouts were not obviously dis- 
crete, a Statistical technique for determining bout length called 
“log survivorship analysis” was used (Martin et al., 1993). 
Grazing bouts and rumination were recorded through focal sam- 
pling and continuous sampling techniques. The bites were 
recognised by a characteristic jerk of the head as they occurred. 
Jaw movements alone were not considered bites because they 
were often used just to manoeuvre food into position for the 
bite. 

The definition of ruminating behaviour in this study fol- 
lows Clutton-Brock et al. (1982) on red deer. They consid- 
ered the animal to be ruminating when it was actively chewing 
or was in the process of passing a bolus up to the mouth. All 
the rumination rétords during this study involved animals that 


were lying down. Rumination occurred in a pattern of alternat- 


- ing bouts of feeding activity and resting/rumination. 


During the observations, daytime was divided into follow- 
ing five arbitrary periods; early morning (sunrise to 07; 59); 
morning (08: 00 to 10: 59); noon (11; 00 to13; 59); af- 
ternoon (14: 00 to 16: 59); late afternoon (17: 00 to sun- 
set). Seasons were distinguished following Franklin (1994): 
winter (22 December to 19 March); spring (20 March to 20 
June); summer (21 June to 22 September); autumn (23. 
September to 21 December). 


2 Results 


2.1 Method of eating by water deer Water deer either bite 
the vegetation off the plant or break it off by grasping it be- 
tween the teeth and dental pad and jerking the head forwards or 
backwards. This is similar to feeding in sheep and differs from 
that in cattle, which use their tongues to gather vegetation into 
a bunch, which is then cut off by drawing the grass over the 
incisor row. Water deer moves its muzzle in a horizontal plane 


when grazing all but very long herbage. The head is moved 
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vertically in tall vegetation. 


2.2 Grazing bouts Fig .1 shows the log survivorship plot for : 


the water deer grazing bouts (data from 816 feeding records). 
In both sexes, grazing was aggregated into bouts whose lengths 
varied. The calculated grazing bout for water deer in Whipsnade 
is therefore a period of feeding activity interrupted for less than 


16 successive minutes by some other activities through Bout Cri- 


terion Interval analysis (BCI). Any gap between successive oc- 
currences of the feeding that is less than BCI in length is treated 
as a within-bout interval, while all gaps greater than BCI are 
treated as between-bout intervals. 
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Fig.1 Log survivorship curves of time interval between 
feeding records for water deer 
BCI is the bout critierion interval, an objective of the minimum interval 
that distinguishes separate bouts (sexes combined). 


2.2.1 Variations in grazing bouts (Sex variations) The graz- 
ing bouts in males [(22.07+ 13.08) min, n = 57] were signifi- 
cantly longer than those in females [(15.70 + 3.12) min, n = 
$0] (Mann-Whitney U test, U = 1019.0, Z = ~ 3.4715, P= 
0.005<0.01). 
2.2.2 Intra-sex variations Q) Variations between age groups. 
There was no difference between adults [(22.26 + 13.39) 
min, n = 53] and yearlings [(19.50+9.00) min, n = 4] in the 
length of grazing bouts in bucks (Mann-Whitney U test, U = 
95.5,P=0.7429). There was also no significant difference in 
does [adults; (15.73 + 3.43) min, n = 40; yearling: (15.60 + 
1.26) min, n = 10, Mann-Whitney U test, U = 172, P = 
0.4971]. 
@Variations according to social status. There was a highly 
significant difference in the duration of grazing bouts between 
territorial [(28.14 + 15.92) min, n = 29] and non-territorial 
males [(15.79+3.46) min, n = 28] (Mann-Whitney U test, 
U=175.5,P<0.01). 
2.2.3 Temporal variances DDiurnal variations. Neither males 
nor females showed a significant variation in grazing bouts in re- 
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lation to time of day (Kruskal-Wallis test, males; time groups = 
5 number of cases = 57, H = 1.88, P = 0.7579; females: time 
groups = 5, number of cases= 50, H = 0.73, P=0.9479). 

@Seasonal variations. Overall, there were seasonal varia- 
tions in the duration of mean grazing bouts. Those in winter 
(19.4 min, n = 67) and early spring (23.1 min, n = 12) were 
longer than those in summer (16.0 min, n =3) and autumn 
(16.8 min, n = 25) (Kruskal-Wallis 1-Way ANOVA, N = 
107,72 = 13.4299, P=0.0038). 
2.3 Bite rates The bite-rate of bucks did not differ from that 
of does (males; 1.54 bite per sec +0.05, n=196; females; 
1.53 bite per sec + 0.05, n = 191, Z test, Z = 1.22, 
NS). 
2.4 Ruminating behaviour Records showed that the mean 
period between the end of feeding and the beginning of rumina- 
tion was 12 min. The number of chews per bolus swallowed was 
similar in both sexes (does: 55.0 + 1.29, n = 124; bucks; 53.1 
+1.9, n = 42, Mann-Whitney U Test, U = 2352.0, Z= - 
0.9367, P=0.3489) and the rate of chewing in both sexes was 
not significantly different (females; 92.7 + 4.6, n = 8; males; 
78.04 7.4, n =8, t-test, £ = — 1.63, P = 0.125, df = 15). 
Results shown that the number of chews per bolus did vary sea- 
sonally (spring:57.63 +2.73, = 33;summer 53.08 +1.69,n 
= 48; autumn; 52.90 + 2.81, » = 40, and winter: 54.42 +, 
1.59,n = 45; Kruskal-Wallis 1-Way ANOVA, N = 166, 2 = 
8.6271, P=0.0347) with the number in winter being signifi- 
cantly greater than that in autumn (Mann-Whitney U test, Z 
= — 2.511, P = 0.012). In spring the rate was somewhat 
greater than in summer, although not significantly so (Mann- 
Whitney U test, Z = — 1.669, P=0.0951). 

Ruminating bout. The mean ruminating bout of the males 
[(14.55+4.28) min, n = 18) was shorter than that of females 
[(27.91+6.13) min, n=11;¢-test,t = —3.11,P=0.04). 


3 Discussion 


3.1 Grazing bouts and their variations The results that 
males have longer grazing bouts may reflect a higher nutritional 
demand by the bucks as they are competing for year-round terri- 
tories (Stadler, 1988; pers.observ.). The grazing bouts of 
territorial males are longer than those of non-territorial males, 
possibly because a territorial male has a higher energy expendi- 
ture defending its territory. Weiner (1977) found in his study 
on the energy metabolism of the roe deer that the deer increases 
its food consumption to fulfil its high energy demands during 
periods of intense activity such as territorial defence by males. 
The present study suggested that there was possibly an “oppor- 
tunist’ element in the grazing behaviour of non-territorial males 
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as theirygraniggpblaigs trete often interrupted by aggressive inter- 
The ‘resdlts G, studies of the duration of grazing bouts in 
water deer resemble those for red deer (Clutton-Brock et al., 
1982) with the bout: length becoming longer in winter. This 
could result from variations in forage availability in different sea- 
sons. . vpise oe T: 
3.2 Bite rates. Water deer have a higher bite rate (92.4 
bites/min in males and 91.8 bites/min in the females) than red 
deer (between 50 and 60 bites/min with sexes combined, Clut- 
ton-Brock et al., 1982) and yearling Meuse-Rhine- Yssel steers 
(52.0 — 77.7 bites/min, Wallis de Vries et al., 1994). 
Some authors argue that the bite rates of ungulates are more or 
less constant (in red deer; Clutton-Brock et al., 1982; in 
goats: Solanki, 1994), but Wallis de Vries et al. (1994) re- 
ported that the bite rate of cattle in patchy grassland was in- 
versely related to the height of the grass. As the grass at Whip- 
snade is regularly cut and kept short for most of the year, the 
high bite rates of water deer might be explained by this fact. 
3.3 Ruminating behaviour Ruminating time varies with the 
amount and digestibility of food eaten but the relationships are 
not well understood. The rumination rates of water deer were 
lower than those of sheep (approximately 100 chews/min; 
England, 1954) and red deer (62 — 64 chews/bolus; Clutton- 
Brock et al., 1982), but close to that of cattle (50 — 70 
chews/min; Morgan, 1951). This study shown a lack of sex 
differences in rumination rates were similar to those for red deer 
(Clutton-Brock et al., 1982) and for Nubian ibex (Gross et 
al., 1995). Semiadi et al. (1994) compared feeding in sam- 
bar deer (tropical) with that in red deer (temperate) and found 
that red deer markedly reduced their voluntary feed intake from 
summer to winter and showed a reduction in the duration of 
each eating bout. Sambar deer slightly increased voluntary feed 
intake from summer to winter and showed an increase in chew- 
_ ing frequency. The rumination rate of water deer at Whipsnade 
‘increased from winter to early spring. This might have been 
due to an increase in the chewing frequency, as in sambar, and 
to the quality of the diet. The rate of large particle breakdown 
is not a constant between different food plants but varies with 
the resistance to chewing provided by mean cell-wall thickness 
(Spalinger et al., 1986). Geoffrey (1992) also pointed out 
that in domestic ruminants, coarse straw or hay fodder requires 
a longer time than finer fodder for each regurgitated bolus to be 
chewed before swallowing as the extent of lignification is higher 
in winter and early spring than at other time of the year. 
Hence more chews per swallow will be necessary in order to 


maintain the ruminating efficiency. Sex differences occurred in 


ruminating bouts with males tending to interrupt rumination to 
drive off other males or to court females. This behaviour was 
possibly due to year-round territorial defence and to the unusual- 
ly high density of water deer at Whipsnade. 

3.4 What makes Chinese water deer a grazer? It was Hof- 
mann who, in 1973, first noted that the gut structure of deer 
and other ruminants closely reflects their feeding styles and can 
be used as a clear indicator of foraging strategy. On the basis of 
the absolute and relative sizes, degree of development of the ru- 
men and reticulum, and the structure of the absorptive lining of 
the gut, Hofmann recognised three different categories of feed- 
ing techniques. These were concentrate selectors (fruit and di- 
cotyledonous foliage eaters), grass/roughage eaters and inter- 
mediate feeders (mixed feeders) (Hofmann, 1985). Accord- 
ing to his division, all the deer species were included in either 
the intermediate or the concentrate selector class. The concen- 
trate selectors are those that emerged early in evolutionary time 
(Putman, 1988). They are relatively small, territorial ani- 
mals adapted to dense cover, which usually provides their main 
food sources such as forbs and bushes. These species exhibit ex- 
treme selectivity for cell contents and the easily digestible, nu- 
tritious parts of plant. They have high amylolytic fermentation 
rates and a rapid rate of food passage, which necessitates fre- 
quent meal. Cyclic adaptive changes occur in both the digestive 
tract capacity and in the mucosal absorptive apparatus. Hof- 
mann (1985) also mentioned that such changes occur in antici- 
pation of nutrient depletion and lignification of plants in the 
winter or dry season. Energy stores in the form of fat are most 
important for animals showing this more inflexible feeding be- 
haviour. Hofmann also noted that concentrate-selectors tend to 
have relatively simple guts. The rumen is small and evenly cov- 
ered in short papillae, the opening to the reticulum is wide and 
retention time is short. Both omasum and abomasum are rela- 
tively small and underdeveloped and the intestine is short. By 
contrast, bulk feeders-the rough-grass eaters, which feed rela- 
tively unselectively and rely for their nutrient intake on compar- 
atively efficient digestion of cellulose, mostly have a large over- 
all ‘stomach’ capacity to cope with the large bulk of material 
they must ingest. The fact that the food has to be held for a 
longer period within the gut for digestion to be effected, also 
requires a large storage organ. Specifically, the reticulum, the 
chamber where the cellulose is mainly fermented, will be ex- 
tremely large. The more fibrous the forage on which the animal 
depends, the larger the relative volume of the reticulum. 

Intermediate feeders, as one might anticipate, show char- 

acters intermediate between these two extremes. Throughout, 
the main differences seem to be in the relative size of the reticu- 
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lum (or more properly rumeno-reticular complex), in the far 
larger fermentation chamber in proportion to body size and in 
the relative length of the intestine. 

The Chinese water deer has been classified by Hofmann et 
al. (1988), according to the morphological criteria and their 
digestive system, as a concentrate selector approaching an in- 
termediate position. They carried out a study on the water deer 
population at Whipsnade and suggested it was undernourished as 
the seasonal rumen development was poorer than expected. 

Hofmann’ s scheme, however, was developed for ungu- 
lates in general and derived primarily from studies of antelopes 
and other bovids. Within such as scheme, he has also attempt- 
ed to relate anatomical features of the rumen with what is 
known of the ecology of the various species. However, Rob- 
bins et al. (1995) examined Hofmann ’s hypothesis, and 
challenged many of his nutritional and physiological interpreta- 
tions of anatomical differences amongst ruminants. As an ani- 
mal lives in a changing environment, the behaviour and physio- 
logical plasticity of a population may have a much greater extent 
than one might imagine. I have simultaneously compared the 
grazing behaviour of water deer and that of another free-ranging 
deer species at Whipsnade, Reeves’ muntjac ( Muntiacus 
reevesi), showed that muntjacs browse under bushes. They 
were never seen grazing whereas water deer almost exclusively 
graze in the fields and paddocks. Research conducted in the 
Zhoushan Islands, China, also showed that the water deer pre- 
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ferred tall grass habitats than bush (Wang et al., 1990). As 


the Chinese water deer were forced through human activities to 
move from the forest to wetland grassland near the Yangtze 
River shores and coastal habitats (Ohtaishi, 1992), it might 
be undergoing a change in diet and foraging from woody plants- 
forbs in forest to forbs-grasses in grassland. Studies on the diet 
of water deer in its natural habitat in Yanchen Nature Reserve, 
China, support this assumption as the data showed that 87.3% 
of the water deer’s diet are forbs and grass species and the rest 
are woody plants (pers.observ.). It was also found that of a 
total of 48 species of forbs and grasses that deer eat, only 15% 
species were grasses. It is possible therefore that the Chinese 
water deer should not be regarded as mainly a grazer although at 
Whipsnade it feeds only on grass. Intermediate feeders tend to 
be grazers during periods of high resource availability in the 
spring and summer in temperate regions or in the west season in 
tropical regions (Jarman, 1971; Jarman et al., 1979; Gor- 
don et al., 1988). Owen-Smith (1982) used the term graz- 
er/browser to describe animals within this category, i.e. inter- 
mediate feeders that mainly feed on grass. 
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